y phylogenetic speculations, valueless though these are considered to bey.may stimulate studies in the life-history, cytology, morphology etcy. and clear the way for laying the foundations of a more logical system of classification.
INTRODUCTION
The unraveling of the evolutionary phylogeny of organisms has been given a tremendous impetus by the application of molecular techniques that have enabled biologists to, in effect, delve for phylogenetic clues in the DNA of organisms in a manner analogous to fossil hunters searching for physical evidence a century earlier. As pointed out by Bessey, a sound phylogenetic framework will hopefully inform and direct future exploration as well as provide a sound basis for classification. This is particularly pertinent in the era of bioinformatics, because this knowledge should help in choosing organisms that might be targeted for genome sequencing. The oomycetes are fungus-like heterotrophs that are saprophytes or parasites of diverse hosts in marine, Bessey (1942) . (b) Summary of the likely relationships between main classes and phyla within the Chromalveolata Superkingdom based on the terminology and information presented in Cavalier- Smith and Chao (2006) and Tsui et al. (2008). ( Fig. 1.1b) are an extraordinarily diverse assemblage (Cavalier-Smith and Choa, 2006 ) that encompasses both autotrophic and heterotrophic organisms, including the chlorophyll c-containing algae (diatoms, chrysophytes, xanthophytes, phaeophytes, etc.), free-living bacteriotrophic flagellates (bicoecids, etc.), a group of absorptive gut commensals/parasites (opalanids, proteromonads, and Blastocystis), as well as the fungal-like osmotrophic representatives (labyrinthulids, hyphochytrids, oomycetes, etc.) . Recent multigene analyses have indicated that the Rhizaria (a very diverse group, including filose amoeboid organisms and flagellates) are the sister group to the ''Stramenopiles,'' which has led to this lineage being renamed as the SAR (Stramenopile/Alveolate/Rhizaria) clade (Burki et al., 2007) .
The first published phylogenetic trees, which are mostly based on nuclearencoded ribosomal gene (SSU rDNA) sequences, showed that all the early branching heterokonts were nonphotosynthetic organisms, which suggested the late acquisition of plastids in the line (Leipe et al., 1996) . Most recent evidence points to the whole chromalveolate lineage having developed from a common biflagellate (mastigonate) ancestor, which had acquired photosynthetic capabilities as a result of a single unique red algal enslavement (Patron et al., 2004; Harper et al., 2005; Cavalier-Smith and Chao, 2006) . It is now thought that chloroplast loss has occurred many times within the lineage, including at least twice in the heterokont line ( Fig. 1.1b ; Cavalier-Smith and Chao, 2006; Tsui et al., 2008) . Genomic data have also provided direct evidence for the photosynthetic ancestry of oomycetes with the discovery of vestigial plastid genes within the nuclear genome of Phytophthora (Lamour et al., 2007) .
KINGDOM WARS AND FAMILY TIES -A CASE OF CONFLICTING NOMENCLATURE
There is still debate as to the correct (and taxonomically legal) kingdom/ phylum/class names to be used for the lineage that contains the oomycetes. Dick (2001) formally proposed (and diagnosed) the kingdom Straminipila for the heterokont lineage, pointing out the incorrect etymological derivation of the by then widely used informal term ''Stramenopile,'' which was first introduced by Patterson (1989) in reference to the ''straw-like'' flagellum hairs (mastigonemes) possessed by most members of this group. However, in their attempt to bring order and consistency to the naming of protists, algae, and fungi, Adl et al. (2005) forcefully argued for the continued use of the name Stramenopile for this lineage, although they side stepped the issue of assigning hierarchical taxonomic ranks. Cavalier-Smith and Chao (2006) in their review of the phylogeny of phagotrophic heterokonts considered Dick's kingdom Straminipila to be synonymous with the kingdom Chromista erected by Cavalier-Smith (1981) ; this is the name that is used in many current nomenclatural databases.
Which phylum the oomycetes should be placed in has been no less controversial. The name Heterokonta has been used, respectively, to define both a ''phylum'' (Dick, 2001 ) and an ''infrakingdom'' (Cavalier-Smith and Chao, 2006) . The Heterokonta infrakingdom was split into three phyla (see Fig. 1.1b) , the Ochrophyta (encompassing all photosynthetic heterokonts), Bygyra (thraustochytrids, labyrinthulids, opalinids, etc.) and Pseudofungi (Cavalier-Smith and Chao, 2006) . This includes, in addition to the oomycetes, the anteriorly uniflagellate hyphochytrids and associated sister clade, the flagellate parasitoid Pirsonia (Ku¨hn et al., 2004) , and the free-living bacteriotrophic marine zooflagellate Developayella. The latter species usually forms the sister clade to the oomycetes in small ribosomal subunit phylogenetic trees (Figs. 1b, 1.2a; Leipe et al., 1996) . Patterson (1999) introduced yet another name, Sloomycetes, for a clade that contains all the osmotrophic fungal-like heterokonts. Perhaps because of the plethora of conflicting higher level taxonomic schemes, it is not surprising that many review volumes and textbooks continue to afford the oomycetes/oomycota their own phylum status.
The separation of the photosynthetic ochrophyte and heterotrophic oomycete lineages into two parallel clades derived from a common ancestor ( Fig. 1.1b) is supported in the most recent phylogenetic trees (e.g., Cavalier-Smith and Chao, 2006; Tsui et al., 2008) . This makes evolutionary sense as it explains the often reciprocal host-pathogen relationships observed between members of these two groups. For instance, both the hyphochytrid Anisopidium ectocarpi and the oomycete Eurychasma dicksonii are parasites of ectocarpalean phaeophyte algae and Pirsonia, Ectrogella, and Lagenisma all infect centric marine diatoms (Ku¨hn et al., 2004; Schnepf et al., 1977 Schnepf et al., , 1978 Raghu Kumar, 1980) , which suggests the coevolution of parasitism between these two heterokont lineages (Cavalier-Smith and Chao, 2006) . Environmental SSU rDNA sequences derived from small nanoplanktonic organisms sampled from diverse marine locations and ecosystems have shown that many of these lineages not only cluster within existing stramenopile clades, such as the hyphochytrids and oomycetes, but also form many ''novel stremenopile'' clades whose identities largely remain a mystery (Massana et al., 2004 (Massana et al., , 2006 . The inclusion of such environmental sequence data in phylogenetic analyses significantly alters the topography of the heterokont tree and suggests that the Pirsonia/hyphochytrid clade may not be related as closely to the oomycetes as shown in Fig. 1 .1b, although they undoubtedly share a common ancestor (Massana et al., 2004 (Massana et al., , 2006 . It is to be expected that a systematic multigene approach to determining phylogeny in this lineage, as well as a significantly increased taxon sampling, will result in a much better understanding of the precise branching relationships of these various groups.
1.4 THE NAME GAME -THE TAXONOMY OF ''CROWN'' OOMYCETES The current taxonomic organization of the oomycetes has largely been forged by two eminent scholars of zoosporic fungi, Frederick Sparrow (Sparrow, 1960 , THE EVOLUTIONARY PHYLOGENY OF OOMYCETES 1976 and Michael Dick (Dick et al., 1984; Dick, 2001) . In his encyclopedic treatise on aquatic fungi, Sparrow (1960) split the oomycetes into four orders, the Lagenidiales, Leptomitales, Peronosporales, and Saprolegniales. In his final synthesis, Sparrow (1976) suggested that all oomycetes could be assigned to one of two groups, which he informally termed ''galaxies.'' Within the ''saprolegnian galaxy,'' he placed the order Saprolegniales (in which he included the Leptomitaceae as a family) and introduced a new order the Eurychasmales, in which he placed many marine oomycete families. Within the ''peronosporalean galaxy,'' he placed the Peronosporales (in which the Peronosporaceae, Pythiaceae, and Rhipidiaceae were included as families) and the holocarpic Lagenidiales.
Dick continued to refine oomycete classification culminating in his final synthesis, which he outlined in his magnum opus Straminipilous Fungi, in which he expanded the number of orders to around 12 (Dick, 2001) . Sparrow (1976) had pointed out the inappropriateness of the name oomycete, which had been first introduced in 1879, and this was acted on by Dick (1998 Dick ( , 2001 ) who formally renamed the class the Peronosporomycetes. However, there has been a general reluctance to abandon the traditional name, and its retention does not apparently contravene the International Code of Nomenclature. Dick's major revision was substantially carried out before the advent of wide-ranging molecular studies and was based mostly on a scholarly reinterpretation of the available morphological and ecological data. The application of molecular methodologies has revolutionized understanding of the likely phylogenic relationships throughout biology, and it has become increasingly apparent that many of the more radical changes introduced by Dick (2001) are not supported by molecular data and will require revision.
For oomycetes, most molecular studies have used the sequences of either the nuclear-encoded SSU (Dick et al., 1999; Spencer et al., 2002) , large ribosomal subunit (LSU) genes (Riethmu¨ller et al., 1999 (Riethmu¨ller et al., , 2002 Petersen and Rosendahl, 2000; Leclerc et al., 2000) or associated internal spacer region (ITS) sequences (Cooke et al., 2000) , or the mitochondrial-encoded cytochrome c oxidase subunit II (cox2) gene (Hudspeth et al., 2000; Cook et al., 2001; Thines et al., 2008) . Phylogenetic sequence data for the oomycetes is still far from complete, and the current analyses should be viewed as work in progress. It is not possible, for instance, to assemble all species for which molecular data are available into a single all-encompassing tree. There are also significant gaps in data, particularly for many of the less economically important taxa and, particularly, for those holocarpic species that cannot be brought into laboratory culture.
The early molecular studies all supported both the monophyletic origins of the oomycetes (Riethmu¨ller et al., 1999; Hudspeth et al., 2000; Petersen and Rosendahl, 2000) and the broad ''galaxy split'' proposed by Sparrow (1976) , which were assigned formal subclass rank (Saprolegniomycetidae and Peronosporomycetidae) by Dick et al. (1999) . However, it seems likely that these higher taxonomic ranks will also require major revision, particularly if the oomycetes are considered to be a phylum in their own right. The two main plant pathogenic orders, the Pythiales and Peronosporales, were also fairly well supported by sequence data (Cooke et al., 2000; Riethmu¨ller et al., 2002; Hudspeth et al., 2003) . Most analyses revealed the genus Phytophthora to be part of the Peronosporales rather than the Pythiales where it had traditionally been placed (Cooke et al., 2000; Riethmu¨ller et al., 2002) . Some larger genera of plant pathogenic oomycetes, such as Phytophthora (Cooke et al., 2000; Blair et al., 2008) and Pythium (Le´vesque and de Cock, 2004) , have been split into several clades, which ultimately may warrant at least genus-level separation. The K-clade of Pythium is phylogenetically interesting because it seems to form a clade that is intermediate between the Pythiales and Peronosporales orders as currently constituted (Le´vesque and de Cock, 2004) .
Another major surprise was the early divergence within this line of the white blister rusts (Albugo) and their clear separation from all other members of the Peronosporales ( Fig. 1.2b ; Petersen and Rosendahl, 2000; Hudspeth et al., 2003) . They have now been placed in their own order, the Albuginales ( Fig. 1.2b ; Riethmu¨ller et al., 2002; Voglmayr and Riethmu¨ller, 2006) . On the basis of their unusually long and unique COII amino acid sequence (derived from the cox2 gene analysis), Hudspeth et al. (2003) considered them to be the earliest diverging clade in the Peronosporomycetidae, and they have been assigned their own subclass rank, which is called Albugomycetidae in some analyses (Thines et al., 2008) .
The Rhipidiales are a small group of saprotrophic species associated with submerged twigs and fruit, most of which show restricted thallus development, consisting of a basal cell, holdfasts, and constricted (jointed) hyphal branches (Sparrow, 1960) . They are a phylogenetically significant group that sits at the cusp of the saprolegnian-peronosporalean clade divergence (Figs. 1.2 and 1.3). Dick (2001) proposed that they be given their own order and subclass status (Rhipidiales, Rhipidiomycetidae), although he acknowledged the limited data on which this was based. Unfortunately, Sapromyces elongatus is still the only representative of this clade to have been sequenced and is a species whose placement has proven problematic (compare Fig. 1 .2a and b). It has been reported as the basal clade to the Peronospomycetidae in cox2 trees (Hudspeth et al., 2000) and the basal clade to the Saprolegniomycetidae in LSU rDNA trees (Riethmu¨ller et al., 1999; Petersen and Rosendahl, 2000) . In our SSU rDNA trees ( Fig. 1.2a) , it forms part of a clade together with the holocarpic nematode parasite Chlamydomyzium, which diverges before both the major subclasses. However, the derived COII amino acid sequence showed that Sapromyces has the same signature amino acid insertion-deletion (indel) sequence (LEF/T) as that found in members of the Pythiales in contrast to the YTD indel sequence found in members of the Leptomitaceae (Hudspeth et al., 2000 (Hudspeth et al., , 2003 Cook et al., 2001) . Other members of the genus, such as C. oviparasiticum (Glockling and Beakes, 2006a) , are diplanetic and have K-bodies in their zoospores (saprolegnian characteristics) but release their zoospores into a transient vesicle (a peronosporalean characteristic). Nakagiri Maximum-likelihood tree (167) sites based on 51 COII amino acid sequences. Organisms sequenced by Sekimoto (2008) are indicated in bold.
ML and neighbor-joining (NJ) bootstrap values (100 and 2,000 replicates, respectively) above 50% are indicated above the internodes.
(2002) has also reported that Halophytophthora spinosa is not closely related to other members of the genus and apparently clusters close to Sapromyces. The sequence data that support the early divergence of the Leptomitales clade in Saprolegniomycetidae comes from two taxa Apodachlya and Leptomitus, which are both members of the family Leptomitaceae (Riethmu¨ller et al., 1999; Dick et al., 1999; Petersen and Rosendahl, 2000) . This order, however, also includes the Leptolegnielliaceae, which contains many holocarpic genera, FIG. 1.3 Schematic summary of the likely phylogenetic relationships between the main orders within the oomycetes, based on molecular sequence data. The species listed are those for which sequence data are available. Some main ecological and morphological characteristics are also mapped onto this scheme. See the text for sources. such as Aphanomycopsis, Brevilegniella, Leptolegniella, and the nematode parasite Nematophthora. Cornumyces was also tentatively included in this family by Dick (2001) . Cornumyces isolates form a clade close to the Leptomitales at the base of the saprolegnian line (Inaba and Harayama, 2006) and also close to Chlamydomyzium when this species is included in the analyses (Inaba unpublished data) . Unfortunately, no sequence data are available for any other of the genera in the Leptolegniellaceae. From the current, scant, molecular data, it seems that the clades located close to the point where the two main subclasses diverge (encompassing the Rhipidiales, Leptomitales, Atkinsiellales etc. Figs. 1.2 and 1.3) cannot be properly resolved until there has been far greater taxon and gene sampling.
ALL AT SEA -THE EARLIEST DIVERGING OOMYCETE CLADES
The first indication that some genera might fall outside the two main ''crown'' subclasses came from the study of Cook et al. (2001) who sequenced the cox2 gene for several parasites of marine crustaceans. Two genera, Haliphthoros ( Fig. 1.4p) and Halocrusticida (Fig. 1.4n and o) , which has been reclassified as Halodaphnea by Dick, 1998 Dick, , 2001 ), formed a well-supported clade that diverged before the main crown subclasses (Cook et al., 2001 ). However, another enigmatic marine crustacean parasite, Atkinsiella, formed a deeply branched clade basal to the Saprolegniomycetidae. This study indicated that these obscure marine genera might hold the key to understanding the evolutionary origins of the oomycetes as a whole. This conclusion was reinforced when it was reported that E. dicksonii, which is a holocarpic parasite of brown seaweeds (Fig. 1.4a and b) , was found to be the earliest diverging member of the oomycete lineage (Ku¨pper et al., 2006) .
A range of marine parasites of seaweeds and invertebrates was selected for an integrated study into their molecular phylogeny, morphological development, and ultrastructural characteristics (Sekimoto, 2008; Sekimoto et al., 2007 Sekimoto et al., , 2008a . Phylogenetic trees based on the SSU rDNA ( Fig. 1.2a ) and cox2 genes (Fig. 1.2b ) revealed that most of these marine holocarpic species fell into one of two deeply branched early diverging clades, which we have termed ''basal oomycetes'' (Fig. 1.3 ). The first clade in both SSU rDNA (Fig. 1.2a ) and cox2 gene (Fig. 1.2b ) trees encompassed two genera, Eurychasma and Haptoglossa (Beakes et al., 2006; Hakariya et al., 2007; Sekimoto et al., 2008b) . These two genera have few apparent morphological and structural features in common (cf. Fig. 1.4a ,b, f-l) and would never have been linked without molecular data. These two genera may merit their own order status, the Eurychasmales and Haptoglossales, although they do seem to form a distinct clade, albeit showing long branch separation (Fig. 1.2a and b) . Eurychasma is an obligate parasite of filamentous brown seaweeds, mostly in the Ectocarpales (Fig. 1.4a and b) , but it has a broad host range ).
It will be interesting to determine whether the two as yet unsequenced enigmatic parasites of marine centric diatoms, Ectrogella (Raghu Kumar, 1980) and Lagenisma (Schnepf et al., 1977 (Schnepf et al., , 1978 ) also belong to this clade, as they also have a naked plasmodial infection stage.
Haptoglossa is an obligate parasite of rhabditid nematodes. Because of the apparent absence of mastigoneme hairs (Fig. 1.4f ) and unique Plasmodiophora-like infection cells (Fig.1.4h-l ; Beakes and Glockling, 1998) , it was briefly considered to be related to the plasmodiophorids (Dick, 2001) . Haptoglossa spp. show a remarkable and unsuspected diversity in their patterns of sporulation and in the different types and micromorphology of the infection cells that are produced (Fig. 1.4h-l ; Glockling and Beakes, 2000a and b, 2001 , 2002 . It seems to form an extremely diverse and deeply branching clade ( Fig. 1.2b ; Hakariya et al., 2007) , which suggests that the Haptoglossaceae will undoubtedly require substantial taxonomic revision, employing both molecular sequencing and ultrastructural characterization.
The second basal clade ( Fig. 1.2a and b) includes both parasites of red seaweeds ( Fig.1. 4c-e, m) and marine crustacea ( Fig. 1.4n-p) . The SSU rDNA tree suggests the two red seaweed parasites, Olpidiopsis porphyrae ( Fig. 1. 4c-e; Sekimoto et al., 2008a) and Olpidiopsis bostrychiae ( Fig. 1.4m ; Sekimoto, 2008; Sekimoto et al., 2009 ) form a separate clade from the crustacean parasites, Haliphthoros and Halodaphnea (syn. Halocrusticida) (Fig. 1.2a) . However, in the cox2 tree, the two groups cannot be resolved from each other (Fig. 1.2b ). In the SSU tree, O. porphyrae and O. bostrychiae are separated by a significant branch length from each other, which in other oomycete families would warrant genus-level distinction. Haliphthoros also requires splitting into more taxa, because the sequenced isolates fell into two well-separated clades ( Fig. 1.2b ), which were not coincidental with the two currently recognized taxa Haliphthoros milfordensis and Haliphthoros phillipensis (Sekimoto et al., 2007) . Because of their very different host ranges and morphological differences, we suggest that the Olpidiopsidales and Haliphthorales probably merit being retained in separate orders, but more sequence data are required before these can be unequivocally defined. We also predict, from their overall morphological and ultrastructural similarities, that these two early diverging clades are likely to encompass other marine genera such as Pontisma and Petersenia. Although somewhat similar in its host preferences and morphology, Atkinsiella dubia does not seem to be within the Haliphthorales and has been assigned to its own order, the Atkinsiellales, by Sekimoto (2008) . Dick (1998) transferred Atkinsiella entomophaga, a parasite of dipteran larvae (Martin, 1977) , to the genus Crypticola, which had been created for Crypticola clavulifera, an entomopathogenic species isolated from mosquito larvae (Frances et al., 1989) . Interestingly, the latter does seem to form a clade with A. dubia in cox2 analyses (D. Hudspeth, unpublished data).
Environmental sequences obtained from unidentified marine nanoflagellates have revealed four well-separated ''stramenopile'' sequences (RA010613.4, BL010320.2, BOLA320, CCW73) all located on the SSU rDNA tree between E. dicksonii and the crown oomycete clade (Massana et al., 2004 (Massana et al., , 2006 . When included with the sequence data described here, these environmental sequences did not cluster within either of the two basal clades outlined above but formed two more novel clades between the Haliphthoros/Halodaphnea clade and the crown oomycetes (Sekimoto, 2008) . This suggests that basal marine oomycetes are both more widespread and diverse than currently appreciated, and a concerted effort should be made to try and isolate, identify, and sequence as many of these taxa as possible.
ODD FELLOWS -WHERE DO THE LAGENIDIACEOUS NEMATODE PATHOGENS FIT IN?
The only holocarpic lagenidiaceous species that was included in early phylogenetic studies was the mosquito parasite Lagenidium giganteum, which was unambiguously shown to be within the Pythium clade (Dick et al., 1999; Petersen and Rosendahl, 2000; Hudspeth et al., 2000) . Unfortunately, Dick (2001) argued that this species was the only valid representative of this longestablished genus and proceeded to redistribute most of the other Lagenidium species among many newly created orders. He transferred the nematode parasites to the Myzocytiopsidales and the marine lagenidiaceous species to the Salilagenidiales, both of which he placed in the Saprolegniomycetidae. However, almost concurrently, Cook et al. (2001) reported that three marine lagenidiaceous parasites of crustacea were part of the same clade as L. giganteum and some Pythium species, which confirmed that both marine and terrestrial ''lagenidiaceous'' species were closely related as originally thought. Most nematode infecting Myzocytiopsis species (Fig. 1 .4s-v) also seem to be closely related to Lagenidium spp. (Fig. 2a ; Beakes et al., 2006) , which suggests the Lagenidiaceae could form a discrete family within the Pythiales. The boundary among the genera Lagenidium, Pythium, and Myzocytium had always been ill-defined (discussed at length by Dick, 2001 ) and still requires additional gene and taxon sampling before this group can be properly resolved. It will be interesting to observe how these taxa relate to the various Pythium clades recently identified by Le´vesque and De Cock (2004) . There is no support for the orders Salilagenidiales and Myzocytiopsidales created by Dick (1998 Dick ( , 2001 , and both should be rejected.
A PLACE FOR THE WATER MOLDS -A FISHY TALE
All genera in the water mold order the Saprolegniales form a well-defined clade (Dick et al., 1999; Riethmu¨ller et al., 1999; Petersen and Rosendahl, 2000; Leclerc et al., 2000; Inaba and Tokumasu, 2002; Spencer et al., 2002) . On the basis of their study, Dick et al. (1999) proposed creating a new family within the Saprolegniales called the Leptolegniaceae, in which he subsequently placed the genus Aphanomyces (Dick, 2001 ). This was almost certainly a premature decision, because in the LSU rDNA analysis of Petersen and Rosendahl (2000) , Aphanomyces was found to form the first diverging clade in the Saprolegniales, whereas Leptolegnia continued to be associated with other genera of the saprotrophic water moulds.
Aphanomyces is a genus that includes many important pathogens of crustacea (e.g., Aphanomyces astaci; Dykstra et al., 1986) , fish (e.g., Aphanomyces invadans; Lilley et al., 2003) , and plant roots (e.g., A. euteiches; Johnson et al., 2002) , which together with several genera of little studied soil/root inhabiting oomycetes, Plectospira, Pachymetra (Reithmu¨ller et al., 1999) , and Verrucalvus (Thines unpublished data) form a well-supported clade that is separate from other members of the Saprolegniaceae (Fig. 1.3 ). These genera, together with the unsequenced Verrucalvus, will probably merit their own as yet undescribed order ( Fig. 1.3) . Dick et al. (1984) had placed Pachymetra together with Verrucalvus in their own family called the Verrucalvaceae, which were then included with the graminocolous downy mildews in the order Sclerosporales. As a result, Dick et al. (1984) removed this group of well-known plant pathogens from the ''peronosporalean line'' to the Saprolegniales (Dick, 2001 ). However, recent molecular studies have shown that all the leaf-infecting genera of graminocolous downy mildews (e.g., Peronosclerospora, Sclerospora, etc.) are scattered among other downy mildew genera in the Peronosporales (Hudspeth et al., 2003; Go¨ker et al., 2007; Thines et al., 2008) . These graminaceous pathogens do belong to the Peronosporales, but there is no molecular support for retaining the Sclerosporales as a separate order or family.
Although the family Saprolegniaceae contains mostly saprotrophic species, some water molds are important pathogens of fish (e.g., Saprolegnia parasitica, Dieguez-Uribeondo et al., 2007) . The first phylogenetic analysis that attempted to map traditional spore-release characters, which had been used to define genera in the water molds (Saprolegniaceae), was reported by Daugherty et al. (1998) using ITS sequence data. The familiar water mold genus Saprolegnia, which releases motile primary zoospores, seemed to form a separate clade from those genera, Achlya, Thraustotheca, and Dictyuchus, where the motile primary zoospore phase had been lost. However, this study was based on just a single sequence from each taxon, and it quickly became apparent that this was far too simplistic an overview of the Saprolegniaceae. When greater numbers of taxa were included in the phylogenetic analyses, it became apparent that the two largest and most familiar water mold genera Achlya and Saprolegnia did not form monophyletic taxa but had representatives scattered in several different ''genus-level'' clades (Leclerc et al., 2000; Tokumasu, 2002, Spencer et al., 2002) . It is now clear that the traditional generic classification of the Saprolegniaceae based on the pattern of zoospore discharge does not accurately reflect the underlying phylogenetic relationships in this family (Riethmu¨ller et al., 1999; Inaba and Tokumasu, 2002; Spencer et al., 2002) . Even in such a well-known genus as Saprolegnia, the application of molecular methods has proved problematic because many currently recognized taxa seem to be polyphyletic on ITS trees (Hulvey et al., 2007) . A reclassification of the familiar water molds based on combined molecular and morphological characters is urgently required.
WHAT DOES IT ALL MEAN? EVOLUTIONARY PERSPECTIVES AND SPECULATIONS
The phylogenetic trees (Fig. 1.2a and b) clearly show that the earliest diverging oomycete genera are predominantly marine organisms. Even Haptoglossa, which is the only terrestrial genus in the ''basal oomycete'' assemblage, has been reported as a parasite of marine nematodes (Newell et al., 1977) . This evidence is contrary to Dick's (2001) view that ''all existing evidence points to a freshwater or terrestrial origin for the straminipilous fungi.'' Although ''crown oomycetes'' (see Fig. 1 .3) are predominantly freshwater (the saprolegnian lineage) or terrestrial (the peronosporalean lineage), there are nevertheless a minority of marine representatives scattered throughout both lines. Some Aphanomyces sp. and many other genera of Saprolegniaceae have been isolated from estuarine ecosystems and can tolerate high or fluctuating salinities (Dykstra et al., 1986; Padgett, 1978) . The Pythiales include many marine representatives, which include several Lagenidium (e.g., Lagenidium callinectes) and Pythium spp. (e.g., Pythium porphyrae and Pythium grandisporangium). Both Myzocytiopsis vermicola and Gonimochaete latitubus have been isolated from littoral marine nematodes (Newell et al., 1977) . These observations suggest the intriguing possibility that the oomycetes may have migrated from the sea to the land (soil) along with their nematode hosts. Rhabditid nematodes are known from marine, estuarine, and terrestrial habitats (De Ley, 2006) , which supports such a hypothesis. Host switching between soil-born nematodes and plants roots may have occurred at least twice, in Aphanomyces and in the Pythiales line. The exclusively marine genus Halophytophthora, which has papillate Phytophthora-like sporangia, forms a polyphyletic assemblage distributed among Pythium and Phytophthora species (Cooke et al., 2000; Nakagiri, 2002; Le´vesque, unpublished data) . It had been assumed that Halophytophthora had reacclimatized to the marine/estuarine environment (i.e., they were the oomycete equivalent of whales), but it is possible that they could represent vestiges of the original marine line (Nakagiri, 2002) . If oomycetes had their origins in the open sea, it is in the estuarine benthic environments where they probably made the transition to becoming terrestrial saprotrophs and plant pathogens.
Recently, genomic studies have revealed that lateral gene transfer has occurred between the oomycetes and true fungi (Richards et al., 2006) . It has even been suggested that their fungal-like growth form might have been acquired as a result of this. However, a complete morphological spectrum from simple spherical to ovoid thalli ( Fig. 1.4a,c,d , and m), through unbranched sausage-like thalli ( Fig. 1.4 g and h) to segmented branched thalli (Fig. 1.4r and s) and typical fine hyphal-like thalli (Fig. 1.4r) , can all be found among these early diverging holocarpic parasites. It suggests that the fungus-like growth pattern may have evolved without the need to invoke gene transfer from true fungi. However, the body cavities of nematodes or invaded plant tissues may have provided suitable ''closed environments,'' whereby true fungi and oomycetes could have come into close contact and exchanged genetic material.
All basal clade taxa (Fig. 1.2a and b) studied to date apparently lack sexual stages. Sparrow (1976) remarked that it seemed improbable that all marine oomycete genera could be genuinely asexual or ''choose to live monastically'' as he quaintly put it. He speculated that they probably had some form of nonoogamous sexual cycle. The best evidence in support of this comes from Lagenisma coscinodisci, which produces zoomeiospores that form sexual cysts that conjugate to form the zygote (Schnepf et al., 1977) . Many Haptoglossa species produce both uninucleate and binucleate infection cells ( Fig. 1.4l ; Beakes and Glockling, 2000b , 2001 , 2002 ), but we have no idea of how these fit into their overall life cycle. As the genes specifically associated with sexual reproduction in oomycetes are identified (e.g., Prakob and Judelson, 2007) , it will be interesting to explore whether and where they may be expressed in these basal species. Oogamous sexual reproduction is clearly one of the major evolutionary developments that define crown oomycetes. Only the genus Olpidiopsis among those in the basal clades is reported to form oogonia and only then in freshwater species that parasitize water molds (Sparrow, 1960) . The holocarpic differentiation of neighboring thallus compartments into antheridia and oogonia observed in the genus Myzocytiopsis (Fig.1.4t and u; Glockling and Beakes, 2006b ) illustrates how oogamous reproduction probably evolved. The unioosporiate condition is clearly the most primitive form because it is prevalent in all orders except for the Saprolegniales (Fig. 1.3) .
Another inescapable inference from the phylogenetic trees ( Fig. 1. 2) is that oomycetes have been ''hard wired'' for parasitism since their inception. Both basal-clade genera Eurychasma and Haptoglossa are obligate parasites, which cannot be cultured independently from their hosts. E. dicksonii is a wide-ranging parasite of phaeophyte seaweeds . Related species are reported to infect both red and green seaweed hosts (Karling, 1981) , which indicates that these may be fairly broad-spectrum parasites. At least one other major phylum, which is the apicocomplexa within the Chromalveolate lineage, is exclusively parasitic. Like many basal oomycetes, these are parasites of many invertebrate phyla, such as mollusks and arthropods, but they also infect all classes of vertebrates as well (Marquardt and Speer, 2001) . Recent genomic analysis has revealed many significant similarities at the molecular level between parasitism in apicocomplexans and oomycetes (Robold and Hardham, 2005; Torto-Alalibo et al., 2005; Bhattacharjee et al., 2006; Talbot, 2007) . These similarities are reinforced when one considers that the initial stages of thallus development in all basal oomycete parasites of marine algae are as unwalled plasmodia (Fig. 1.4a and c) located within a membrane-bound host vacuole (Eurychasma, Olpidiopsis; Sekimoto et al., 2008a-c; Ectrogella; Raghu Kumar, 1980; Lagenisma, Schnepf et al., 1978; Petersenia, Pueschel and van der Meer, 1985) , which is equivalent to the parasitophorous vacuole of apicocomplexans (see Talbot, 2007) . The flagellate parasitoid Pirsonia infects diatoms by means of an invasive pseudopodium that forms a ''feeding'' trophosome adjacent to the host protoplast, which it ingests by phagocytosis rather than by absorption (Schnepf and Schweikert, 1997) . A Pirsonia-like parasitoid might have been the kind of organism that was ancestral to the oomycetes. It will certainly be interesting to find out more about the unknown novel stramenopile clades that have been shown to diverge just before the oomycetes (Massana et al., 2004 (Massana et al., , 2006 . Many fundamental mechanisms associated with both infection (attachment to host) and host-parasite interaction (effector-protein delivery systems) are deeply embedded within the lineage and may have been present in the original flagellate root ancestor to all chromalveolates ( Fig. 1.1b) perhaps even before the primary plastid acquisition event. Some present-day dinoflagellates are parasites of other chromalveolates and crustacea (Coats, 1999) and show that both parasitic and autotrophic lifestyles can coexist.
These molecular phylogenetic studies on holocarpic parasites of algae and invertebrates have provided a much clearer overview of the likely evolutionary and taxonomic relationships within the oomycetes, which we have summarized diagrammatically in Fig. 1.3 . The scheme proposed by Bessey nearly 70 years ago ( Fig. 1.1a) , which suggested that the oomycetes evolved from a photosynthetic heterokont alga and that the holocarpic Olpidiopsidales and Lagenidiales were at the root of the lineage, has been shown using modern molecular methodologies to have been remarkably perceptive.
